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There are reports that low-energy HeNe irradiation can en-
hance wound healing in vivo. We have previously demon-
strated that HeN e irradiation increases the motility of human 
epidermally derived keratinocytes in vitro . Here we investi-
gate whether HeNe irradiation alters normal keratinocyte 
differentiation, which is essential for the formation of a nor-
mal, functioning epidermis. Subconfluent keratinocyte cul-
tures were irradiated three times within 24 h with either 0, 
0.8,3, or 7.2 J/cm2 • After cultures reached post-confluence, 
parameters of growth and differentiation, such as cell num-
ber, cornified envelope (CE) formation, and transglutamin-
ase activity were measured. No significant diff<>rences were 
found between the control (0 J) and irradiated cultures in 
T here has been increasing interest in the possible clini-cal applications of low-energy lasers. The effects of lasers at the cellular level seem to be quite diverse, affecting many different cell types and producing sev-eral responses. Interpretation of results reported in 
studies using low-energy lasers is complicated because of differences 
in energy fluences and treatment schedules used by different inves-
tigators, as well as differences in the laser light sources [e.g., he-
lium-neon (HeNe), nd:YAG, ruby, dye, argon] used to generate 
low-energy irradiation. Thus, the conflicting reports on the biosti-
mulatory effects of low-energy lasers could be easily attributed to 
the differences in protocols used by various researchers. 
One area of particular interest is the effect oflow-energy lasers on 
wound healing. There have been several in vivo studies that have 
shown significant enhancement of healing in wounds that have 
been irradiated [1-3]. These HeNe-irradiated wounds also demon-
strate increased tensile strength [2 - 5], which may be due to corre-
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Abbreviations: 
CE: cornified envelope 
DMEM: Dulbecco's modified Eagle's medium 
DMSO: dimethylsulfoxide 
EDT A: ethylenediamine tetraacetic acid 
HeNe: helium neon laser 
PBS: phosphate-buffered saline 
PMSF: phenylmethylsulfonyl fluoride 
SDS: sodium dodecyl sulfate 
TCA: trichloroacetic acid 
Tgasc: trans glutaminase 
these assays . We also examined the pattern of newly synthe-
sized keratins in cultures irradiated with 7.2 J/cm2 three 
times within a 24-h period. Both control and irradiated cul-
tures exhibited similar keratin patterns. These results provide 
evidence that HeN e irradiations of up to 7.2 J / cm2 have no 
direct deleterious effect on normal keratinocyte differentia-
tion needed for the formation of a functional epidermis. 
Hence, it is anticipated that the clinical use of the HeN e laser 
irradiance that enhances keratinocyte migration in vitro (0.8 
J/cm2) to promote wound healing in vivo will not alter the 
ultimate integrity or differentiated function of the epidermis 
that migrates to cover the wounded area. ] Invest Dermatol 
99:445 -448, 1992 
sponding increases in collagen production by fibroblasts [1,2,5,6] 
and accumulation of procollagen types I and III mRNA in the 
HeNe-irradiated dermis [5,7]. 
Although the biostimulatory effects of HeNe irradiation on the 
dermis and its cellular constituents have been demonstrated, an-
other critical aspect of wound healing is the process of re-epithelial-
ization. The dual functions of both keratinocyte migration into the 
wound and keratinocyte proliferation are critical to wound re-epi-
thelialization. There are several biologic inducers known to mediate 
one or both of these processes; however, knowledge of the effects of 
HeNe irradiation on the epithelial keratinocytes is limited. Some 
studies have observed an increase in the thickness of epidermis after 
re-epithelialization oflow energy laser irradiated wounds [4,8], but 
the mechanism for this effect has not been investigated. Recently, 
using cultivated human keratinocytes, we provided evidence that 
low-energy HeNe irradiation does directly affect keratinocyte mi-
gration. We demonstrated that although HeNe irradiation had no 
effect on proliferation of normal keratinocytes in vitro, it signifi-
cantly affected the migration of keratinocytes into wounds made in 
confluent mono layers, with the irradiated, cultured keratinocytes 
demonstrating a threefold increase in the rate of migration [9]. 
Also essential to complete wound healing is the reorganization of 
the keratinocytes recruited to the wound site, either by migration or 
by proliferation, into a normal and functional epidermis. Restora-
tion of the normal differentiation pattern of the epidermis is critical 
to the restoration of the protective and water-impermeable barrier 
of the upper epidermis. Some of the differentiation-specific prod-
ucts of the epidermis that contribute to the barrier function of the 
skin include complex lipids, detergent-insoluble cellular envelopes 
(the cornified envelope) and high molecular weight keratins. Be-
cause HeNe irradiation has been shown to alter the synthesis of 
differentiation-specific proteins of fibroblasts (i.e., collagens) 
[1,2,5 - 7], it was of interest to determine whether HeNe irradiation 
could likewise alter keratinocyte differentiation. The purpose of 
this study was to expand our previous observation of the effects of 
HeNe irradiation on keratinocyte biology, and specifically to deter-
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Figure 1. Effect of 0.8 J/cm2 HeNe-irradiation on keratinocyte differen-
tiation. Subconfluent cultured keratinocytes were irradiated (3 X 0.8 J/ 
cm2/24 h) and further cultivated until they reached post-confluence. Total 
cell number, percent CE of total cells, and TGase activity were determined 
(triplicates from four separate experiments). Values were normalized to 
those of control, sham-irradiated cultures and are expressed as percent of 
control ± SEM. There were no significant differences (by Student t test) 
between control and irradiated cultures in any of the assays. 
mine whether low-level HeNe irradiation could alter the synthesis 
of differentiatio.n-specific products of the keratinocyte. 
MATERIALS AND METHODS 
Laser Specifications The HeNe laser used (Spectraphysics Sta-
bilite, Model 120, Mountain View, CA) has an output of 11.5 m W 
with a diverging lens (focal length approximately 65 cm) that deliv-
ered 8.4 m W (as measured by a power meter, Metrologic, Model 
45-450, Bellmawr, NJ) to a 1.3-cm aperture incorporated into a 
holding platform 57.5 cm above the lens. The setup provided an 
energy fluence of 0.5 J/min distributed uniformly (differing by no 
more than 10% at any point) over a cylindrical volume having a 
diameter of 1.5 cm and a height of 1 cm. Multiple measurements 
showed fluctuations in output of less than 2% over a 2-h period, 
which demonstrated the stability and accuracy of the system. Using 
a mathematical model of energy transfer [10], we determined that 
the maximum increases in temperature induced by the HeNe irra-
diation used in these experiments were, for 0.8 J/cm2, 0.19°C; for 
3.0 J/cm2, O.72 °C; and for 7.2 J/cm2, ITC. 
Cell Culture Normal human keratinocyte cultures were ob-
tained from neonatal foreskin epidermis using a modification [11] of 
the method of Rheinwald and Green [12]. Cultures were main-
tained at 37 °C, 5% CO2 in Dulbecco's modified Eagle's medium 
(DMEM, Flow Laboratories, McLean, VA) supplemented with 
10% calf serum (Hyclone Laboratories, Inc., Logan, UT), hydro-
cortisone (0.4 ,ug/ml, Sigma Chemical Co., St. Louis, MO), cholera 
toxin (10 ng/ml, Calbiochem Corp., LaJolla, CA), and epidermal 
growth factor (1 ng/ml, Collaborative Research, Bedford, MA) in 
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the presence of mitomycin C-treated murine fibroblast 3T3 feeder 
cells. Before the cultures reached confluence, 3T3 feeder cells were 
removed by vigorous spraying of the surface of the culture dish with 
2 mM EDTA, a modification of the method by Rhinewald [13]. 
Laser Irradiation Second- or third-passage keratinocytes were 
plated in 24-well plates (Nunc, Inc., Denmark) at a sub confluent 
density of 5.7 X 104 to 1.4 X 105 cells/cm2 • Cultures used for cor-
nified envelope and transglutaminase (tgase) assays were irradiated 
when they attained 50% confluence. Irradiation of cultures for ker-
atin studies was performed at 90% confluence. Cultures were both 
rinsed with and irradiated in phosphate-buffered saline (PBS) to 
minimize the loss of the laser energy through absorption by the 
colored culture medium. Wells were irradiated with either 0,0.8,3, 
or 7.2 J/cm2 , representing irradiation time ranging from 2 m~n ~o 
18 min, 42 sec/well. During irradiation treatments, all wells wlthill 
an experiment (including controls) were maintained in PBS at room 
temperature and atmosphere for the same length of time (up to 1 h 
20 min). Wells were irradiated three times within a 24-h period, 
and after each irradiation the PBS was aspirated and replaced ~ith 
culture medium. Cornified envelopes, trans glutaminase actiVity, 
and keratins were assayed when the cells reached post-confluence 
(1 d post-irradiation for keratins; 3 - 9 days for cornified envelopes 
and trans glutaminase). . 
Cornified Envelopes: Quantification of CE formation was per-
formed after the method of Banks-Schlegel [14]. Cells shed from 
the culture dish into the medium over a 48-h period were combi.ned 
with those released from the surface of the dish by trypsinization, 
collected by centrifugation, resuspended in 1 ml DMEM, and enu-
merated by hemocytometer. Calcium ionophore.A23187 (5.0,u1 of 
20 mM stock in dimethyl sulfoxide (DMSO), Calbiochem Corp., 
La Jolla, CA) was added to the cell suspension to induce cross-link-
ing of envelope-competent cells. After incubating for 3.5 h at 
37°C, 5% CO2, cells were pelleted by centrifugation, resuspended 
in a 2% sodium dodecyl sulfate (SDS) solution containing 10 ~ 
dithiothreitol (Boehringer Mannheim Biochemicals, Indianapolis, 
IN), and incubated for 20 min at room temperature. A hemocyto-
meter was used to determine the number of CE that appeared. as 
clear or grey cell ghosts. Results are expressed as percent CE relative 
to total cell number. 
Transglutaminase Assay Transglutaminase activity was mea-
sured in keratinocyte lysates as described by Lichti and co-workers 
[15]. Twice-washed culture dishes containing 0.2 ml of 20 roM 
phosphate buffer (pH 7.2), 10 mM dithiothreitol, 1% Triton 
X-I00, and 0.5 mM ethylenediamine tetraacetic acid (EDTA) were 
placed on a bed of dry ice. A frozen slurry of buffer and cells was 
scraped from the dishes and transferred immediately to test tubes on 
ice. The cell slurries were maintained on ice and sonicated 15 X 2 
seconds. The assay mixture contained 50 ,ul of cellular supernatant 
and 150,u1 of freshly prepared sodium borate buffer (50 mM, pI-l 
9.5), containing 10,u1 of 100 mM CaCI2, 10,u1 of 10 mM EDTA, 
20,ul of a-casein (20 mg/ml, Sigma, St. Louis, MO), 5,u1 of 
1,414C-putrescine (118 Ci/mmol; Amersham Corp., Arlington 
Heights, IL), and 85 ,ul of distilled H 20. Samples and blanks were 
incubated at 37 °C for 30 min and duplicate aliquots spotted on 
Whatman 3-mm paper. Radioactivity precipitated with 10% TCA 
Table I. Effect of Different HeNe Laser Fluences on Keratinocyte Differentiation" 
Measurement of Differentiation 
Total number of Cells (X 10-5) 
% Cornified envelopes 
Transglutaminase activity (DPM/l X 103 Cells) 
OJ 
5.3 ± 0.8 
16.0 ± 2.9 
490 ± 92 
Irradiation Energy 
0.8J 
6.1 ± 0.6 
12.9 ± 0.4 
430 ± 71 
3J 
5.6 ± 0.5 
12.8 ± 1.0 
411 ± 63 
7.2J 
5.5 ± 0.4 
15.5 ± 0.9 
423±58_ 
• Cells were irradiated three times within 24 h at 90% confluence. Cornified envelope enumeration and transglutaJl!inase determinations were performed, using procedures 
described in Materials and Methods. None of the treatments were significantly different from control (0 J) for any of the assays. Data expressed as mean ± SO (n = 3). 
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was measured in a scintillation counter. Results of duplicate determi-
nations on each of three samples were expressed as dpm putrescine 
incorporated/l X 103 cells. 
Keratins Twenty-four hours prior to the last irradiation, cultures 
were placed in serum-free, methionine-free DMEM. Immediately 
following the final irradiation, 35S-methionine (50 J.lCi/well) was 
added to the cultures. After an additional 24 h, non-incorporated 
35S-methionine was washed off, cells lysed, and keratins isolated 
from keratinocytes lysed in a buffer (pH 7.2) containing 0.6 M KCl, 
1% Triton X-I00, 0.02 M Tris-HCl, and 1.0 roM PMSF using a 
modification of the method of Regnier et al [16]. Prior to electro-
phoresis, keratins were dissolved in sample buffer containing 
0.0625 M Tris-HCl (pH 6.8), 10% glycerol, 2% SDS, and 5% 
p-mercaptoethanol. Protein concentration was determined by a 
modification of the flurometric method [17] . 
Keratins were electrophoresed [18] on 8.5/SDS-PAGE gel at 
20 rnA for 1.0-1.5 h and blotted [19] onto Immobilon-P mem-
brane (Millipose Corp., Bedford, MA) overnight at 100 rnA. Im-
munoblotting was performed using AE3 (gift of Dr. TT Sun) [20), a 
murine monoclonal antibody recognizing basic keratins, as the pri-
mary antibody and biotinylated horse a-mouse IgG as the secondary 
antibody. The blot was then incubated with Vectastain ABC re-
agent (Vector Laboratories, Burlingame, CAl and reacted with 
3,3' -diaminobenzidine. The blot was also subjected to autoradiogra-
phy to detect radiolabeled bands. 
RESULTS 
Our previous experiments have shown that HeN e irradiation of 
keratinocytes with an energy fluence of 0.8 J/ cm2 increases keratin-
ocyte motility without increasing proliferation [9]. We next wanted 
to determine if the same dosage of laser energy that had increased 
motility would have any effect on keratinocyte differentiation. Fig-
ure 1 demonstrates that at this energy fluence there is no difference 
in the rate of formation of CE and levels of transglutaminase in the 
HeNe-irradiated cells compared to the control cells. Additionally, 
confirming our previous findings, no significant difference in cell 
number was observed in the irradiated versus control cultures. 
We next examined whether keratinocyte differentiation would 
be affected when cells are irradiated at higher energy levels, which 
have been used in some in vivo studies [1,8] . Total cell number, rate 
of cornified formation, and levels of trans glutaminase activity were 
examined in cultures irradiated with 0, 0.8, 3, and 7.2J/cm2• Again, 
no significant differences were seen between the control cultures 
and the irradiated cultures (Table I) . 
Lastly, HeNe irradiation at 7.2 J/cm2 did not alter the overall 
pattern of keratins or the specific species of keratins synthesized 
24 h post-irradiation (Fig 2) . Both control and irradiated samples 
synthesized keratins of 56 kD and 58 kD as the dominant species; 
the 50 kD and, occasionally, 67 kD keratins were also synthesized 
at lower abundance. 
DISCUSSION 
There is currently much interest in the clinical use of low-energy 
lasers, with reported applications in the dermatologic [21,22]' sur-
gical [23], and rheumatologic [24] fields. One area that has received 
much attention is the use of low-energy HeNe laser irradiation to 
enhance wound healing (reviewed in [25]), but the wide variety of 
animal models, experimental protocols, laser-energy sources, and 
techniques used in reported studies have made the interpretation of 
often conflicting reports difficult. One approach to this problem has 
been the use of cell culture systems for controlled biochemical and 
biologic studies. This approach has met with some success, as the 
laser parameters and protocols necessary to alter cellular functions 
such as proliferation, membrane potential, phagocytosis, and colla-
gen synthesis are being more rigorously delineated [25]. 















Figure 2. Effect of HeNe-irradiation on keratins. Keratinocytes were irra-
diated (3 X 7.2 ]/cm2/24 h) at 90% confluence in methionine-free media. 
Cells were radio labeled for 24 h with 3sS-methionine, and keratins were 
extracted, electrophoresed on SDS-PAGE gel and blotted onto Immobilon-
P membrane. A, the immunoblot probed with monoclonal antibody AE3. B, 
the autoradiogram of the gel. Lalle 1 is control, sham-irradiated keratins; lalle 
2 is HeNe-irradiated keratins. Location of molecular weight markers indi-
cated on the left; calculated KD of keratin bands is noted on the right. 
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In an effort to understand the specific effect of low-level HeNe 
irradiation on the epidermis, we have utilized a human keratinocyte 
cell-culture model. Our previous studies found that keratinocyte 
migration is enhanced after irradiation with 0.8 J/cm2 three times 
in a 24-h period [9]. We now report that at this energy fluence, as 
well as fluences up to approximately ten times higher, there is no 
detectable alteration of three differentiation-specific parameters of 
keratinocytes: CE production, levels of tgase activity, or keratin 
patterns. 
Because epithelial migration is a critical component of wound 
healing, the enhancement of migration by HeNe irradiation may 
portend an ultimate therapeutic use of this modality in wound heal-
ing. However, equally important in the process of wound re-epithel-
ialization is the reorganization and differentiation of the newly 
migrated epithelium into a functional epidermis. Studies of wound 
healing have demonstrated that within 3 d after the cessation of 
epidermal migration over the skin defect, there is a rearrangement 
and maturation ofkeratinocytes, so that specific layers of the epider-
mis can be identified [26]. Presumably during this time, differentia-
tion-specific proteins of the keratinocytes are being synthesized, 
resulting in a functional epidermis. Hence, it is of importance that 
any therapeutic modality proposed for the enhancement of wound 
healing not interfere with keratinocyte differentiation; the current 
report indicates that HeN e irradiation at proposed therapeutic doses 
does not. 
Reports of the cellular effects of HeNe irradiation on epithelial 
cells are limited. Although relatively high fluences (> 11.9 J/cm2) 
ofHeNe laser energy have been reported to decrease cultured renal 
epithelial cell proliferation and induce arrested mitosis [27], lower 
fluences do not have these effects in this system. Cytostructural 
damage was no~ed by other investigators who applied at doses equiv-
alent to 122 J / cm2 to an area of the canine buccal mucosa. Follow-
ing this exposure, vacuolization and dilatation of the endoplasmic 
reticulum in buccal epithelial cells was observed [28]. Interestingly, 
in studies with cultured human keratinocytes cultivated in a manner 
similar to the current report, HeN e irradiation at 1- 5 J / cm2 pro-
duced no acute cytotoxicity, as evaluated by trypan blue exclusion 
studies, and quantification of released lactic dehydrogenase and acid 
phosphatase l29]. Taken together, it appears that irradiation of epi-
thelial cells with energy fluences of less than 5 -10 J/cm2 is not 
likely to induce either acute or long-term cytotoxicity. 
The many reports of the biostimulatory capabilities of low-en-
ergy HeNe irradiation has prompted the suggestion of its use in a 
clinical setting to enhance wound healing. The current study sug-
gests that at low-energy fluences, keratinocyte differentiation is not 
likely to be altered by the HeN e irradiation of the re-epithelializing 
wound. Certainly, the possible use of this intriguing and non-inva-
sive therapeutic modality requires further investigation. 
W e thank Dr. Tung-Tien SUII Jor tile kind gift oj AE3 antibody. 
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